Introduction
============

Although the incidence of gastric cancer has declined recently, gastric cancer remains one of the most common causes of death due to malignant tumors worldwide.[@B1] A major cause of gastric cancer-associated mortality in patients who undergo curative resection is recurrent disease, with the most common site of recurrence being the peritoneum.[@B2] To date, multimodal treatment strategies have been used to improve the prognosis of gastric cancer patients with peritoneal recurrence, but the results remain unsatisfactory.[@B3] Therefore, it is important to prevent peritoneal recurrence after curative surgery to improve the prognosis of gastric cancer patients. The recent trend in treatment is the administration of adjuvant intraperitoneal chemotherapy immediately after resection in patients who are at high risk for peritoneal recurrence.[@B4],[@B5] However, to apply this modality, selection of patients who are at high risk for peritoneal recurrence is crucial. Although the precise mechanism driving peritoneal recurrence remains unclear, the presence of malignant cells in the peritoneum at the time of surgery can lead to peritoneal recurrence.[@B6],[@B7] Therefore, examination of peritoneal fluids has emerged as an option for identifying patients who are at high risk for peritoneal recurrence after curative resection.

Several previous studies have reported that examination of the peritoneum for free malignant cells is effective for predicting peritoneal metastasis from gastric cancer.[@B8],[@B9] Moreover, this approach does not require any additional procedures and is non-invasive since it can be performed concurrently with the resection operation. On the basis of these clinical results and because of the ease of performance of the procedure, positive cytology findings are considered to represent distant metastasis according to the gastric cancer classification system proposed by the Japanese Gastric Cancer Association (JGCA).[@B10] Furthermore, the recent guidelines of the TNM staging system of the American Joint Committee for Cancer (AJCC) also consider positive peritoneal cytology as a sign of metastatic disease.[@B11] However, cytology is not yet routinely performed during gastric cancer surgery because the reported accuracy and sensitivity of cytology vary, being low in some studies.[@B12] Therefore, optimal procedures to increase the efficacy and reproducibility of this modality need to be established. To address this issue, we conducted a prospective study with the aim of increasing the efficacy and reproducibility of cytology using washing samples collected from multiple peritoneal sites such as the pouch of Douglas and the upper abdomen.

The aims of this prospective study were to determine the prevalence of positive cytology findings using samples from two peritoneal sites in gastric cancer patients and to investigate the efficacy of cytology in predicting peritoneal recurrence of gastric cancer. On the basis of these results, we sought to determine the necessity of cytology during gastric cancer surgery.

Materials and Methods
=====================

1. Study design
---------------

This prospective study was approved by the institutional review board at Ajou University Hospital, Suwon, Korea (IRB No: MED-SMP-10-096) and conformed to the ethical guidelines outlined in the Declaration of Helsinki (1975). Patients were enrolled into a single study arm from January 2010 through December 2010 at Ajou University Hospital. Written informed consent was obtained from each patient prior to enrollment. The primary endpoint was the rate of positive results for malignancy using the peritoneal washing samples of patients who were clinically and surgically diagnosed with resectable advanced gastric cancer. We also investigated the clinicopathological characteristics and 3-year survival rate associated with positive cytology findings as secondary endpoints.

2. Criteria for enrollment and patient withdrawal
-------------------------------------------------

We enrolled patients who fulfilled the following inclusion criteria: advanced gastric adenocarcinoma (invasion of the muscularis propria or beyond by primary tumors) without distant metastasis as determined by preoperative physical examination and imaging studies and a normal physiologic condition, defined as an American Society of Anesthesiology physical status score of 3 or lower. Patients with concurrent malignancies, those with a possibility of pregnancy, and those participating in other clinical trials were excluded from the study.

After enrollment in the current study, some patients were determined during surgery to have early-stage gastric cancer or previously undetected metastatic lesions and were consequently withdrawn from the study. In addition, some patients withdrew from the study for their own reasons and were therefore excluded from the final analyses.

3. Procedures
-------------

The surgical parameters, such as the methods for gastric resection and the extent of lymph node dissection, were determined according to JGCA treatment guidelines (3rd edition).[@B13] At our institution, laparoscopic surgery is usually performed for patients observed to have a primary tumor invading up to the muscularis propria during preoperative examination.

Peritoneal washing samples were cytologically examined prior to tumor mobilization, immediately after laparotomy or laparoscopic examination, with patients under general anesthesia. Saline (200 ml) was poured into the pouch of Douglas and stirred. Then, 50 to 100 ml of the fluid was collected for cytological examination using an aspiration tube. Another 200 ml of saline was subsequently introduced into the upper abdomen, and fluid was collected from the left subphrenic area. Collected samples were immediately sent to the Department of Pathology, after which, the surgeon continued with the gastric cancer surgery. The fluids were centrifuged, and the cell pellets were examined microscopically by an experienced pathologist using Papanicolaou and Giemsa staining.

4. Cytological and pathological examination
-------------------------------------------

Upon cytological examination, sample findings were classified by the pathologist as negative, atypical (indeterminate), suspicious, or definitive for malignancy according to conventional cytology criteria for interpretation.[@B14] The diagnosis of definite malignancy was based on findings of abnormal mitotic figures as well as cells with large, hyperchromatic, irregularly shaped nuclei and irregular cytoplasmic vacuoles on Papanicolaou and Giemsa staining. When specimens showed some features of definite malignancy, findings were classified as suspicious. Atypical findings referred to the presence of any kind of abnormal cells other than definite or suspicious malignant cells in the fluid. For the purpose of this study, when one or both fluid samples from the two peritoneal sites had suspicious findings or findings that were definitive for malignancy, the sample was considered as being positive for malignancy ([Fig. 1](#F1){ref-type="fig"}); all other findings were considered as negative for malignancy. The resected specimens were also examined by the pathologist and were classified according to the AJCC TNM classification (7th edition)[@B11] and the Japanese Classification of Gastric Carcinoma.[@B10]

5. Follow-up strategy and detection of recurrence
-------------------------------------------------

The patients were followed up for a mean duration of 30 months after surgery, during which time, they were regularly evaluated every 3 to 6 months. The evaluations included patient history taking, physical examination, computed tomography (CT) of the abdominopelvic area, and measurement of tumor markers. Patients with a histological diagnosis of advanced gastric cancer were administered 5-fluorouracil-based chemotherapy as adjuvant treatment. The types of regimens, doses, and durations varied according to the patients\' conditions.

During the follow-up period, CT was performed to detect recurrence in non-symptomatic patients. Patients in whom recurrence was suspected on CT underwent additional magnetic resonance imaging to detect liver metastasis and laparoscopic exploration to detect peritoneal seeding. Recurrence was classified as distant lymph node recurrence, hematogenous spread, or peritoneal metastasis, according to the metastatic route(s). When the recurrent mass caused bowel obstruction, an endoscopic stent was inserted or bypass surgery was performed. Among patients with recurrence, those with a favorable condition received systemic chemotherapy with a palliative intent.

6. Sample size and statistical analysis
---------------------------------------

The sample size was calculated using G-Power version 3.1.9 for Mac OS (Heinrich Heine University, Dusseldorf, Germany). The proportion of samples with positive cytology findings on using the conventional method (sampling only from the pouch of Douglas) was approximately 10% in a previous report.[@B9] The proportion of samples with positive cytology findings on using our detection methods (sampling from two different sites) was assumed to be 20%. The type I error was set as 0.1 (one sided) and the power was 90%. The sample size was calculated accordingly considering the use of the chi-square test. A sample size of 108 was required to detect a significant increase in the positive cytology rate in our study compared to the previous report, accounting for a 25% dropout rate.

Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS), version 21 for Mac OS (IBM Corp., Armonk, NY, USA). Categorical data were analyzed using the chi-square test or Fisher\'s exact test. Survival was assessed using the Kaplan-Meier method and was compared between groups using the log-rank test. A value of P\<0.05 was considered statistically significant.

Results
=======

A total of 108 patients were initially enrolled in the current study. However, 12 patients (11.1%) were subsequently found to have previously undetected metastatic lesions or a non-resectable extension of the primary tumor during surgery. In addition, 15 patients (13.9%) with resectable lesions were found to have early-stage gastric cancer during surgery, and six other patients were lost to follow-up in 1 year or less after surgery, without confirmation of the recurrence status or death. Another 33 patients withdrew from the study, resulting in a total of 75 patients for whom peritoneal washing cytology was finally performed followed by gastric resection with lymph node dissection ([Fig. 2](#F2){ref-type="fig"}).

Background characteristics of the patients are listed in [Table 1](#T1){ref-type="table"}. Positive cytology results were those associated with suspicious or definitive findings for malignancy in washing fluids collected from the pouch of Douglas or the subphrenic area. The only clinicopathological finding that was observed to be associated with positive cytology findings was a tumor size of ≥5 cm (P=0.037). During the follow-up period (mean, 30 months), 18 patients (24%) showed recurrence. The most common sites of recurrence were the peritoneum (n=6) and the distant lymph nodes (n=6), with other sites including the locoregional area, the liver, and the lungs. The disease-free survival rate did not differ according to cytology results (P=0.210), nor did the overall survival rate (P=0.081; [Fig. 3](#F3){ref-type="fig"}).

Of the 75 patients, seven (9.3%) had positive cytology findings (suspicious or definitive for malignancy). Two of the seven patients had definitive results for malignancy upon cytological examination of washing fluids from both the pouch of Douglas and the subphrenic area. One of these two patients was diagnosed with peritoneal recurrence 6.7 months after surgery, but the other survived without recurrence during the two years of follow-up. Two other patients with positive cytology results had definitive results for malignancy based only on the fluid from the pouch of Douglas, whereas the fluid harvested from the subphrenic area of these patients showed suspicious results. These two patients demonstrated confirmed peritoneal recurrence 7.2 and 18.4 months after surgery, respectively. Thus, three of the four patients with definitive results for malignancy experienced peritoneal recurrence. The other three patients with recurrence had suspicious results for malignancy based on fluids collected from both sites. Although these patients have been followed up over 2 years, none have been diagnosed with recurrence in the peritoneum or at any other site. Additional clinicopathological features of patients with positive cytology results are listed in [Table 2](#T2){ref-type="table"}.

We sought to determine the differences between definitive and suspicious cytology results for malignancy in terms of the accuracy of predicting peritoneal recurrence. When positive results were defined as suspicious or definitive results for malignancy, the accuracy was 90.1%. When the criterion was limited to definitive results for malignancy, the accuracy increased slightly to 93.3% ([Table 3](#T3){ref-type="table"}). The sensitivity, specificity, and predictive values of cytology, for assessing its diagnostic value, are listed in [Table 3](#T3){ref-type="table"}. In contrast with other metrics, the positive predictive value significantly increased from 42.9% to 75.0% when the criterion for positive cytology findings was limited to definitive results for malignancy.

Discussion
==========

In the present prospective study, we found that cytology was associated with a low sensitivity and positive predictive value for predicting peritoneal recurrence in patients with gastric cancer, despite the fact that we performed cytology using samples collected from two different abdominal cavity sites and expanded the definition of positive cytology findings to include suspicious results. One patient diagnosed with positive cytology finding did not develop peritoneal recurrence. In addition, the survival rate did not differ between patients with positive and negative cytology findings. Our results suggest that routine cytology during curative surgery for gastric cancer is an unnecessary procedure.

Different studies have reported different rates of positive peritoneal cytology findings in gastric cancer. In a Dutch randomized prospective clinical trial comparing D1 and D2, positive cytology findings were detected in only 12% of patients who were pathologically diagnosed with serosa-exposed primary tumors (stage pT4 or higher).[@B15] Meanwhile, other studies have reported rates of positive cytology findings ranging from 15.7% to 35.0%.[@B8],[@B16],[@B17],[@B18] These variable rates can be attributed to the pathologic differences among the recruited patients. Patients with primary tumors not involving the serosa had a positive cytology finding rate of 1.0% or less, whereas this rate was 20% or higher among patients with tumors involving the serosa.[@B8],[@B9] In our study, the rate of positive cytology findings was relatively low (9.3%) compared to previous reports, despite the fact that we collected samples from multiple sites. Our study was designed as a prospective study, and we therefore attempted to enroll patients determined to have locally advanced gastric cancer on preoperative evaluations such as CT and gastroscopy and excluded those with morphologic characteristics of early gastric cancer in the surgical field. Nevertheless, 15 (20%) of the enrolled 75 patients had early-stage primary tumors (T1), which may have contributed to the low rate of positive cytology findings in our study, compared to previous studies. When we subclassified patients according to pathologic tumor invasion, the rate of positive cytology findings in patients with primary tumors involving the serosa was 22.7%, comparable to the results of previous studies.

According to most previous reports, the sensitivity of cytology for predicting peritoneal recurrence is relatively lower (ranging from 11% to 43%) than the corresponding specificity.[@B8],[@B9],[@B19],[@B20] This low sensitivity indicates that many patients with negative findings on peritoneal cytology can develop peritoneal recurrence. We collected samples from two different sites to increase the sensitivity of cytology in our study, but the results were disappointing. Of the patients who developed peritoneal recurrence, 50% had negative peritoneal cytology findings. To date, several efforts have been made to increase the sensitivity of cytology for predicting peritoneal recurrence in gastric cancer. Hayes et al.[@B21] reported that collection of samples for cytology using peritoneal brushing could increase the detection rate of free malignant cells in the peritoneum. In another study, cytology was performed by directly rinsing the surface of the primary tumor with saline.[@B22] However, this might provoke undesirable exfoliation of tumor cells from the primary tumor involving the serosal surface, which could potentially decrease the specificity due to false-positive results. In our study, we also did not observe a satisfactory sensitivity, despite checking samples from two common sites of peritoneal metastasis: the subphrenic area and the pouch of Douglas.

Another method for improving the sensitivity of cytology in gastric cancer is to check for the presence of molecular markers using immunohistochemistry or reverse transcription polymerase chain reaction (RT-PCR). Immunohistochemical staining with, for example, Ber-EP4 or HEA-125, has been performed to detect free cancer cells in the peritoneum, but this method has also been found to have a low sensitivity, as is the case with conventional cytology.[@B20],[@B23] Alternatively, when RT-PCR was used to detect molecular markers such as carcinoembryonic antigen (CEA), cytokeratin 20, and matrix metallopeptidase 7 in peritoneal fluid, the sensitivity significantly increased, compared to other methods.[@B24],[@B25],[@B26],[@B27] Tokuda et al.[@B27] reported that RT-PCR for CEA had a sensitivity of 93.8% and a specificity of 87.5% for predicting peritoneal recurrence. However, the detection of molecular markers could result in an increased false-positive rate. Moreover, this is a very time-consuming procedure with no evidence to indicate its cost-effectiveness. Nevertheless, if additional clinical evidence indicating that the detection of molecular markers can be used to predict peritoneal recurrence emerges, this option may be further explored in the future.

In the current study, patients with positive cytology findings did not have a significantly poorer prognosis than those with negative cytology findings. Most previous studies have reported that positive cytology findings could be a predictive factor for poor prognosis.[@B8],[@B20],[@B23],[@B24],[@B25] This may not have been the case in our study for several reasons. First, the patients with positive cytology findings in our study received aggressive systemic chemotherapy (as listed in [Table 2](#T2){ref-type="table"}). Those with advanced gastric cancer were postoperatively treated with 5-fluorouracil-based chemotherapy, pursuant to the results of recent clinical studies.[@B28],[@B29],[@B30] These treatments might mitigate any differences in prognosis according to the cytology results. In addition, 66% of patients with negative cytology had primary tumors invading the subserosa or serosal layer. Because of the advanced stage of disease in a large proportion of patients with negative cytology findings, these patients did not display a better prognosis than patients with positive cytology findings. In addition, three patients who did not show recurrence despite positive cytology findings have been observed for a period of approximately 24 months following surgery in this study. Although the mean time to peritoneal recurrence after surgery has been reported to be 16 to 18 months and more than 80% of peritoneal recurrences have been reported to be detected within 2 years after surgery,[@B2],[@B31] we will need to follow up these patients over 5 years to confirm the value of positive cytology findings as a prognostic factor.

Taken together, our findings suggest that peritoneal washing cytology had a low sensitivity for predicting peritoneal recurrence in patients with clinically and surgically determined advanced gastric cancer. Despite using samples collected from two different abdominal cavity sites, the observed rate of positive peritoneal cytology finding was not higher than expected. Moreover, it was not clear from our study whether peritoneal cytology findings are appropriate for predicting prognosis in patients. However, our study did not show the results of long-term follow-up of the recruited patients, and the study sample size was calculated according to the rate of positive findings for malignancy on cytology, instead of according to the significance of survival differences or the differential accuracy of predicting peritoneal recurrence according to cytology results. Therefore, we could not determine whether peritoneal cytology should be completely excluded in gastric cancer surgery. Further studies with greater numbers of patients or additional molecular analysis could make this procedure more meaningful in the future.
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Clinicopathological data according to cytology results (n=75)
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Values are presented as number or number (%). ^\*^American Joint Committee for Cancer 7th edition.
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Pathologic results and clinical outcomes of patients with positive cytology findings
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pT = pathologic T stage; pN = pathologic N stage; Cy = Cytology; FU = follow-up.
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The sensitivity, specificity, and predictive values for peritoneal recurrence according to cytology results
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^\*^Positive predictive value (PPV)=42.9, negative predictive value (NPV)=95.6, accuracy=90.1, sensitivity=50.0, specificity=94.2; ^†^PPV=75.0, NPV=94.4, accuracy=93.3, sensitivity=50.0, specitivity=94.4.
